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ABSTRACT
With 65% of land area covered in forest, Mississippi is a leader in the timber industry.
Whereas forestry provides numerous benefits for humans and wildlife, forest harvest has been
hypothesized to increase mercury (Hg) mobilization to aquatic systems. In a forest, Hg mostly
accumulates in the upper layer of soil, where associates with organic matter. This top soil is
exposed after clear-cutting and thus more susceptible to runoff. Harvest may also change the net
balance between Hg methylation and demethylation by microorganisms through changes in
redox conditions and addition of carbon sources from decaying logging residues. To better
understand the impact of timber harvest on Hg in mixed pine and hardwood managed forest in
the southeast United States, Hg was determined in soil, sediment, water and biota from the forest
floor, a forest stream, and adjacent lake (Dorroh Lake located in Webster County, Mississippi)
prior to and after harvest.
Mean surface soil-Hg concentrations (ppb ± SE) were 50.0 ± 3.9 before harvest and 36.0
± 3.8 after harvest. Before harvest, the majority (82%) of the Hg in the forest surface soil was
bound to the oxidizable phase, which includes humic acids and other organic matter. After
harvest, the distribution of Hg in the surface soil changed, and more Hg was bound to the
reducible phase (78%), which primarily consists of iron/manganese oxides. This points to a
decrease in the amount of organic matter present in the surface soil, possibly as a result of a
mixing of surface and deeper soils containing lower Hg levels, erosion, and increased Hg
volatilization.
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In the lake, concentrations of THg and MeHg increased in the month following harvest.
Mean-THg increased from 0.82 to 5.0 ng/L and MeHg increased from 0.04 to 0.17 ng/L. In the
stream, dissolved THg decreased after harvest from ~3 to ~1.5 ng/L. Dissolved MeHg was
similar before and after harvest (0.48 and 0.40 ng/L, respectively), but the proportion of MeHg
increased in the stream from ~10 to 30%. Timber harvest also seemed to decrease oxygen levels
in the stream and lake, at least temporarily. Nevertheless, the unharvested riparian zone adjacent
to the stream seemed to serve as a buffer retaining organic matter and minimizing effects on the
stream and lake.
Suggestions for future work include a long-term study of fish-Hg concentrations in a lake
whose watershed was disturbed by deforestation, and a study site closer to Oxford that will allow
for a greater frequency of sampling. Methylation rate measurements are also needed to fully
address impacts of forest harvest on in-situ production of MeHg.

iii

ACKNOWLEDGEMENTS
To my advisor, Dr. Cizdziel: Thank you for the opportunity to find an area of research
that I was not only interested in but could be passionate about. Your research helped to cement a
path that so far had only been guided by flashes of insight. I would like to thank Dr. Walter
Cleland and Dr. Murrell Godfrey for being on my committee.
To the faculty and staff of the Chemistry & Biochemistry department at the University of
Mississippi, thank you for the support and guidance through my undergraduate and graduate
years whether it was in class, the teaching and research labs, the stockroom or a short
conversation in the halls. I am especially grateful to Drs. Safo Aboaku and John Wiginton for
the chance to be a teaching assistant and Jacob Eftink for convincing me to apply for the job.
Being a TA helped me to grow as a person in ways I could’ve never predicted and I’m better for
it.
To Dr. Kerri Scott, thank you for the guidance you gave to the freshman who was
terrified to disappoint everyone and for the updates on what was going on in the forensic world.
To my fellow students as an undergraduate and graduate, thank you for the commraderie
that’s helped keep me going through all the seminars, lectures, grading sessions, and somehow
having three jobs while still being classified as a student.
I would like to thank Weyerhaeuser Corporation for the financial support for my research
and for the opportunity to work on this project. I am particularly grateful to Jami Nettles of

iv

Weyerhaeuser for support with field logistics and site information. I would also like to thank
Dorroh Lake Baptist Assembly for the permission to access our field site through their private
land.
Last but not least I would like to thank my friends and family, starting with my parents
for letting me go to a university that we could barely afford and for not letting me quit when I
just wanted to go home. I’m grateful for the all the friends I made either in the Ole Miss Gamers’
Association(OMGA) or online, you guys were the first friends I made as a freshman and a huge
part of me staying that first year. I wished we talked more, I miss the duels and long skype calls.
Thank you to Ellen Taylor, Cody Rentz, Angelique McCrary, Ellen Smith, and Bailey Hinshaw,
our Lunch Table was welcome haven from all the stress from school.
To Bailey Fletcher, my oldest friend and practically sister, I could write a thesis on how
much I value our friendship so I’ll just say thank you for everything. May our paths never
completely diverge.
And to not forget my furry feline friends, I’m grateful for Percy, Minion, and Sora for
basically adopting the strange human with who started coming over every week three years ago.
Riley/Little Bit, I’ve only had you for less than a year but you pulled me out of a big depressive
slump. Your unconditional love keeps me going even when you’re a little brat.

v

LIST OF ABBREVIATIONS

SE

Standard Error

THg

Total mercury

MeHg

Methylmercury

DMA

Direct Mercury Analyzer

ICP-MS

Inductively Coupled Plasma-Mass Spectrometry

PSD

Particle Size Distrubtion

ppb

parts per billon or ng/g

DOC

Dissolved Organic Carbon

CV-AFS

Cold Vapor-Atomic Fluorescence Spectrometry

SRB

Sulfur Reducing Bacteria

vi

TABLE OF CONTENTS

ABSTRACT.................................................................................................................................... II
ACKNOWLEDGEMENTS .......................................................................................................... IV
LIST OF ABBREVIATIONS ....................................................................................................... VI
LIST OF FIGURES ........................................................................................................................X
LIST OF TABLES ......................................................................................................................XIII
INTRODUCTION AND BACKGROUND ................................................................................... 1
The Impact of Forest Harvest on Mercury .......................................................................... 1
The Biogeochemical Cycle of Mercury .............................................................................. 4
Risks and symptoms of MeHg exposure ............................................................................. 5

MATERIALS AND METHODS.................................................................................................... 7
Sampling Site and Harvest .................................................................................................. 7
Soil Sampling .................................................................................................................... 11
Sediment sampling ............................................................................................................ 13
Water sampling.................................................................................................................. 14
Determination of Mercury in Soil and Sediment .............................................................. 14

vii

Determination of Hg in Components of Forest ................................................................. 16
Soil and Sediment Particle Size Distribution .................................................................... 17
Sequential Extraction ........................................................................................................ 17
Determination of MeHg in Water ..................................................................................... 20
Determination of THg in Water ........................................................................................ 21

RESULTS AND DISCUSSION ................................................................................................... 23
Hg in the Forest Compartments......................................................................................... 23
Mean-Hg Concentrations in Surface Soil from a Forest Transect .................................... 25
Depth Analysis of Hg at different positions on a hill ........................................................ 27
Loss-on-Ignition (organic matter) in soil by depth ........................................................... 29
Depth profiles of Hg in Sediment from Dorroh Lake and the Forest Stream ................... 32
Pre- and Post-Harvest changes in THg and MeHg in stream and lake water ................... 34
Monitoring changes in Water Quality ............................................................................... 38
Effect of soil and sediment particle size distribution on Hg and organic matter content.. 42

viii

Particle Size Distribution of Soil .............................................................. 42
Estimating carbon composition of soil ..................................................... 44
Particle Size Distribution of Sediment ...................................................... 47
Sequential Extraction ........................................................................................................ 49

CONCLUSIONS .......................................................................................................................... 53
REFERENCES ............................................................................................................................. 54
VITA ............................................................................................................................................. 58

ix

LIST OF FIGURES
Figure 1: Land coverage of Mississippi. ......................................................................................... 3
Figure 2: The biogeochemical cycle of mercury. ........................................................................... 5
Figure 3: Map showing the location of Dorroh Lake in Mississippi. ............................................. 8
Figure 4: Aerial view of the study site (top right) showing sub-catchments (A and B) separated
by a hill (red line). Both areas A and B were harvested in Dec. 2015 by Weyerhaeuser. .............. 9
Figure 5: Photo of forest stream and riparian area in area B leading to Dorroh Lake. ................. 10
Figure 6: Using a Terra Core soil sample extraction tool to collect from the first few centimeters
of soil. ........................................................................................................................................... 12
Figure 7: Collection of soil core (left); Sub-sampling of core (right).......................................... 13
Figure 8: Schematic for a DMA-80 (used with permission from Milestone, Inc.). ...................... 15
Figure 9: Soil samples were set aside after the removal of an extractant in order to represent the
removal of that respective fraction. .............................................................................................. 19
Figure 10: Schematic for Tekran 2700 (GC-CV-AFS) (used with permission from Tekran Inc.).
....................................................................................................................................................... 20
Figure 11 : Schematic for Tekran 2600 (used with Permission from Tekran Inc) ....................... 22
Figure 12: Distribution of Hg in a Loblolly Pine Tree. ................................................................ 24
Figure 13: Total Hg concentrations in forest floor compartments. ............................................... 25
Figure 14: THg in Forest Soil Transect pre-harvest (November 2015) and post-harvest
(January 2016). ............................................................................................................................. 26

x

Figure 15: THg analysis of hilltop soil cores subsampled into different sections based on depth
pre- and post-harvest. .................................................................................................................... 27
Figure 16: Depth Analysis of THg in soil cores collected at bottom of hill. ................................ 29
Figure 17: Loss-on-Ignition Depth analysis of hilltop cores (± SE) shows a decrease in the
amount of organic matter found in the soil post-harvest. ............................................................. 30
Figure 18: Depth analysis of soil cores taken near riparian buffer zone by LOI shows a moderate
change in the amount of organic mater present in the soil post-harvest. ...................................... 31
Figure 19: Sediment samples from the stream showed a significant decrease in THg (± 95% CI)
post-harvest (p<0.05) but little change in the organic matter content. ......................................... 33
Figure 20: MeHg in Water from Dorroh Lake and Stream. ........................................................ 35
Figure 21: THg in water from Dorroh Lake and Stream. ............................................................. 36
Figure 22: Porportion of MeHg as THg in Dorroh Lake and Stream. .......................................... 37
Figure 23: Pre-and Post Harvest Water Quality Measurements for Stream (Top) and Dorroh Lake
(Bottom) ........................................................................................................................................ 41
Figure 24: Distribution of Particle Size in Forest Soil Composite ............................................... 43
Figure 25: Percent carbon in composites of forest soil ................................................................. 44
Figure 26: Organic matter (%C) in composites of forest soil. ..................................................... 46
Figure 27: THg of separated size fraction of sediment cores (0-2cm) from Dorroh Lake and
stream in May 2016 ...................................................................................................................... 47
Figure 28: Distribution of Particle Size in Lake and Stream Sediment Cores (0-2cm) ................ 48
Figure 29: Sequential Extraction of Hg from Composite of Soil from Transect ......................... 50
xi

Figure 30: Sequential extraction of Hg from sediment collected from stream near transect ....... 51
Figure 31: Total amount of mass lost from pre and post harvest soil sequential extraction......... 52

xii

LIST OF TABLES
Table 1: Sampling Locations and type of sample collected around that location. ....................... 11
Table 2: Instrument parameters for DMA-80. .............................................................................. 16
Table 3: Schematic for Sequential Extraction of Hg showing extractants used to remove Hg from
different phases. ............................................................................................................................ 18
Table 4: Concentrations of Mercury, Loss-on-Ignition (LOI) and carbon in sediment by depth
for from Dorroh Lake and an adjacent forest Stream ................................................................... 32
Table 5: Stream Water Quality Data during the Study Period ...................................................... 39
Table 6: Dorroh Lake Water Quality Data during the Study Period ............................................ 39

xiii

INTRODUCTION AND BACKGROUND

The Impact of Forest Harvest on Mercury
Forest harvest has been hypothesized to increase Hg mobilization to aquatic systems.1
Riparian zones serves as both a buffer and a conduit for Hg from the forest environment to
stream and lake and can have conditions that favor Hg methylation.1 Volatile forms of Hg can
reach remote lakes and reservoirs of forests2 through long range atmospheric transport.3 Mercury
vapor is slowly oxidized in the atmosphere to more water soluble forms, depositing in lakes and
watersheds.3,4 In a forest, Hg mostly accumulates in the upper layer of soil, where it associates
with organic matter. This top soil becomes more exposed after clear-cutting which may lead to
an increase in particulate and dissolved organic carbon (DOC) in runoff.4 Forest machinery can
also disturb the soil when passing a stream channel possibly having a significant effect on
MeHg.5 Harvest may also change the net balance between methylation and demethylation
through addition of carbon sources from decaying logging residues and increased soil
temperatures due to decrease in shade from the forest canopy.1,2
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Mobilization of Hg and MeHg can occur if strong complexing agents such as organic
thiols, inorganic sulfides and various polysulfides are transferred by runoff. Net formation of
MeHg can only be determined if total MeHg in system is known or if shifts in equilibria toward
dissolution of MeHg are corrected for.6 Mercury and MeHg can also be transported with FeS(s)
and HgS(s) which are associated with DOC in oxic water.7 Increased MeHg in streams, soil, and
from soil and sediment particles.6
There are conflicting reports as to whether forest harvests increase Hg loading to nearby
lakes and limited information on the transfer of Hg to streams and lakes a consequence of forest
disruption.8 Porvari et al. (2003) found an increase in Hg and MeHg in runoff output from small
boreal forest catchments during a 3 year period after clear-cutting and ground treatment.9
However Sorenson reported a moderate increase in THg but no significant change in MeHg after
logging but before site preparation. Zooplankton collected from lakes with watersheds that had
been recently logged showed a slight but significant increase (p<0.01) in MeHg than from lakes
with watersheds that were recently burned or disturbed.8
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With 65% of Mississippi covered by forests and over 30 million acres of productive land
area, the state is a forestry leader with more tree farms than any other state (Fig. 1).10 In 2015,
there were ~20 million acres in MS devoted to the forestry industry with a value of $1.16 billion
to cotton’s 254 million.11 In 2010, pine forests covered 6.6 million acres or 33% of forested area
with loblolly pine plantations accounting for 2 million acres.10

Figure 1: Land coverage of Mississippi.

Because riparian zones are known to have soil conditions that favor Hg methylation (e.g.
wet anoxic zones, sulfate reducing bacteria, high organic matter)5-6, areas receiving inorganic Hg
by atmospheric deposition or via runoff from the forest, can potentially lead to high Hg
methylation rates2, with some boreal forest studies showing methylation rates following harvest
3

equal to that of wetlands.7 Several studies have investigated Hg transport in riparian zones,
however there is little information on Hg processes in riparian zones associated with managed
forests.2 The role forest management practices have on the biogeochemical cycling of methyl-Hg
is not well understood, as many factors influence methylation and demethylation. To better
understand the impact of timber harvest on Hg in mixed pine and hardwood forest in the
southeast United States, Hg was determined in soil, sediment, water and biota from the forest
floor, a forest stream, and adjacent lake (Dorroh Lake located in Webster County, Mississippi)
prior to and after harvest.
The Biogeochemical Cycle of Mercury
Mercury (Hg) is a naturally occurring heavy metal considered to be one of the six top
contaminants by the World Health Organization (WHO).12 Mercury in the environment cycles
between three primary forms: gaseous elemental mercury (Hg0), organic forms (e.g.
methylmercury (MeHg)), and inorganic forms (e.g. Hg2+), and is capable of undergoing several
different types of reactions including redox and photochemical reactions (Fig. 2).13 Mercury is
emitted from natural sources, including volcanoes, and anthropogenic sources, such as industrial
runoff and small-scale artisanal gold mining13. Gaseous Hg0 is relatively inert and is only slowly
oxidized to the more soluble Hg2+ form. Thus, Hg is a globally dispersed pollutant that can travel
for thousands of miles before being deposited via wet or dry deposition. Once deposited, Hg can
be transformed into MeHg by microorganisms such as sulfur reducing bacteria (SRB) in anoxic
sediments.14 Methylmercury diffuses from the bacteria and sediment and is readily incorporated
into plankton at the base of the food chain. As it moves up the food chain, MeHg accumulates
and magnifies making it risky to consume top predators due to high levels of MeHg.
Methylmercury is a potent neurotoxin capable of rapidly diffusing through the bloodstream and
4

passing through the blood-brain barrier after exposure. The most common source of MeHg in
humans is through the consumption of contaminated fish and seafood.15

Figure 2: The biogeochemical cycle of mercury.

Risks and symptoms of MeHg exposure
The initial signs of MeHg exposure start with symptoms like headache, fatigue,
depression, memory loss, and unexplainable tremors.16 As MeHg exposure increases, more
serious symptoms, such as paralysis, slurred speech, and ataxia, start to emerge.16 Severe and
chronic exposure to MeHg can lead to “Minamata Disease”, named after the disaster in
Minamata, Japan where dumping of chemical waste into the bay lead to widespread poisoning of
those who ate contaminated fish.17 In newborns, infants, and children, studies have found that
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exposure to MeHg in utero and/or during childhood can lead to lower performance in
development of language, memory, attention, etc.18 There has also been some evidence pointing
to a possible autoimmune or immunosuppressive effect.19
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MATERIALS AND METHODS

Sampling Site and Harvest
Dorroh Lake is a man-made lake located in Webster County, Mississippi, approximately
4 kilometers north of Bellefontaine (Fig. 3). The 15 acre lake is surrounded on three sides by a
mixed Loblolly Pine (Pinus taeda) and hardwood forest managed by Weyerhaeuser Corporation,
the largest forestry company in the nation. The sampling site was divided into two subcatchments based on topography (Fig. 4). Both area A and B were harvested in December 2015.
Two streams extend from the bottom of a hill toward Dorroh Lake (Fig. 5). Sampling focused on
the areas around these streams and the downward slopes that lead to them (Table 1).
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Figure 3: Map showing the location of Dorroh Lake in Mississippi.
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Figure 4: Aerial view of the study site (top right) showing sub-catchments (A and B)
separated by a hill (red line). Both areas A and B were harvested in Dec. 2015 by
Weyerhaeuser.
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Figure 5: Photo of forest stream and riparian area in area B leading to Dorroh Lake.
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Table 1: Sampling Locations and type of sample collected around that location.
Samples Collected
Location

Sample Type
Soil-Transect
Soil-Cores

Hill

Leaf Litter

(33° 42’16.7”N, 89° 20’07.7”W)

Duff
Moss

Stream

Water

(33° 42”16.1”N, 89° 20’09.6”W)

Sediment

Lake

Water

(33° 42’12.7”N, 89° 20’21.8”W)

Sediment

Coordinates given in Degrees, Minutes, and Seconds (DMS)

Soil Sampling
Soil samples were collected in May 2015, November 2015, January 2016, May 2016, and
November 2016. During May 2015 samples were collected on transects up the eastern facing
hill in areas A and B. Leaf litter, humic material, and moss samples were also collected at select
points along the transect. Later sampling trips focused primarily on transect B. Soil was collected
from the top 5-cm using a Terra Core soil sample extraction tool (Quality Environmental
Containers, Inc., Beaver, WV) (Fig. 6).
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Figure 6: Using a Terra Core soil sample extraction tool to collect from the first few
centimeters of soil.

In November 2015, a soil core was also collected at select locations, and sub-sampled at
intervals ~0-5 cm, ~10-15 cm, and ~20-25 cm (Fig. 7). Additional cores were collected in
February 2017 and subsampled at intervals ~0-6 cm, ~6-12cm, and ~12-18 cm.
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~20-25 cm

~10-15 cm

~0-5 cm

Figure 7: Collection of soil core (left); Sub-sampling of core (right).

Sediment sampling
Sediment was also collected from the forest stream for THg in May 2015 and 2016 by
inserting a 10 cm polyethylene tube into the stream bed and capping both ends after pulling out
the core. Additionally, sediment cores were collected in May 2016 from the lake to compare
particle size and organic matter present by depth between the stream and lake. Samples were airdried under a laminar flow hood and then stored in a dark area until analysis.
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Water sampling
Water samples were collected for THg and MeHg analysis from Dorroh Lake and the
forest stream in subcatchment B (Fig. 5) following US EPA Method 1630.20 Briefly, the samples
were filtered in the field through 0.45 µm groundwater filters (Millipore Corp.) directly into acid
cleaned Teflon or Nalgene bottles using a peristalsic pump. The bottles contained a small amount
of high purity hydrochloric acid (4 ml acid/L of sample) to preserve the samples for analysis.
Water samples were collected in periods of stable weather to minimize varations caused by storm
events.
Determination of Mercury in Soil and Sediment
Soil and sediments samples were analyzed for total mercury concentration (THg) using a
Direct Mercury Analyzer (DMA-80; Milestone) following EPA method 7473. The method is
based on thermal decomposition, amalgamation with gold, and Atomic Absorption
Spectrometry. A schematic of the instrument is shown in Figure 8. Briefly, 0.05g sample
weighed in a nickel or quartz boat is loaded onto an autosampler. The boat is then inserted into a
combustion tube and heated to ~650oC while oxygen passes over the sample carrying any
gaseous combustion products into a catalyst tube (Table 2). The catalyst promotes the
transformation of any Hg species present into gaseous Hg0 which is then trapped on the goldcoated sand inside the amalgamator along with any other possible interferants. The amalgamator
is then heated so that Hg0 is released and carried into a single-beam photospectrometer. The
concentration of Hg is measured based on the absorbance at 253.7 nm and the mass of the
sample.
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Certified reference materials used include NRC DORM-3 (0.382 ± 0.060 mg/kg Hg), a
fish protein certified for trace metal analysis, and NRC MESS-4 (0.08 ± 0.06 mg/kg Hg), a
marine sediment that was closer to concentrations measured and matrix composition. Percent
recoveries were 86.5% for DORM-3 and 85.4% for MESS-4. Additonally an in-house reference
material (20 ± 10 μg/kg, 111% recovery) was used for a quality control check roughly every 20
samples. Blanks were run at the start and end of each run in addition to before and after each
check with the in-house reference. Replicates were used where possible in each instrument run.

Figure 8: Schematic for a DMA-80 (used with permission from Milestone, Inc.).

15

Table 2: Instrument parameters for DMA-80.
Phase

Temperature (°C) Duration (s)

Drying

200

60

Decomposition

650

180

Purge

-

60

Amalgamator

900

12

Record

-

45

Determination of Hg in Components of Forest
In addition to soil and sediment, moss, leaf litter and duff was collected from the forest
floor as well as needles, bark, cambium and wood from a Loblolly Pine. Each sample was
analyzed for THg using the DMA-80 as described above. The uppermost layer of the forest floor
consists of leaf litter, partially decomposed organic material still recognizable as fallen leaves,
needles, and other plant material.21 Under the leaf litter layer is a somewhat firm layer of organic
material on top of the mineral soil that consists mainly of unrecognizable decayed organic
matter. The duff layer rests on top of the first layers of soil that contain a mixture of organic and
inorganic materials before transitioning to the more mineral based layers of deeper soil.21 Wood
cores were collected using a incremental bore tool powered by a drill. The cambium is a layer
vascular tissue found between the wood and the bark that helps distribute water and nutrients
throughout the tree.
16

Soil and Sediment Particle Size Distribution
To observe the effect of particle size on the distribution of Hg, composites of soil, taken
from equidistant points along one transect, were separated using a five-stage sieve (2-mm, 1-mm,
500-µm, 250-µm, 125-µm). Fractions larger than 1mm were collected and weighed but not
analyzed for THg. The four smaller fractions (1mm-500µm, 500-250µm, 250-125µm, and
<125µm) were analyzed for THg, as described above.
Loss-on-ignition (LOI) is an estimate of how much combustable organic matter is present
in a sample and can be used to estimate the amount of organic carbon present in the sample. The
sample boats were weighed before and after DMA analysis in order to estimate the percentage of
mass loss on ignition. This was converted to the percent carbon (%C) using the equation below,
which is based on a correlation established for soil and sediment from the northern Mississippi.22

Sequential Extraction
Total acid digestion of soil and sediment can release all metals present in a sample which
can lead to an overestimation of the concentration and the potential risk.23 Sequential Extraction
is the chemical leaching of metals from soil and sediment samples in order to assess how much
of the metal is actually available in different environmental compartments. This process then
provides information about how metals bound to different components in soil and sediment can
be released depending on the conditions of the environment, giving a more realistic estimate on
environmental impact.24 In order to determine the extent of Hg binding to different mineral
phases in soil and sediment, a modified BCR-Sequential Extraction was used (Table 3).25–27
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Table 3: Schematic for Sequential Extraction of Hg showing extractants used to remove
Hg from different phases.
Extraction step

Reactive/concentration/pH

1

Acetic acid (0.11M), pH 2.8

Solid Phase
Exchangeable
(water and acid soluble)

Hydroxylammonium chloride:

Reducible

NH2OH-HCl (0.5M), pH 2

(e.g. iron/manganese oxides)

H2O2 8.8 M, followed by CH3COONH4

Oxidizable (e.g. organic

(1.0 M), pH 2

substance and sulphides)

2

3

Remaining, non-silicate
Residual

Aqua Regia: 3 HCl + HNO3
bound metals

Mercury bound to a specific fraction of soil was estimated by comparing the difference of
THg seen after an extractant was removed (Fig. 9). This approach was used instead of analyzing
the extracted liquid fractions because analyzing the soil by DMA is simpler and less error-prone.
Briefly, the process started with 20 samples (~0.5g) of soil or sediment where 5 samples were
put aside to measure the Before Extraction THg (THg*) and the remaining 15 samples were
treated with 0.11M Acetic Acid. After the extractants were removed the next day, the 15 samples
were washed with DI H2O then 5 samples were set aside to dry and the next extractant was added
to the remaining 10 samples. Following the removal of 0.5 M Hydroxylamine hydrochloride, 5
18

of the samples were set aside to dry while the remaining 5 were treated with 30% hydrogen
peroxide followed by 1.0 M ammonium acetate. To estimate the concentration of Hg bound to a
respective fraction as a percentage, the difference in THg between two phases was compared to
THg*.

Figure 9: Soil samples were set aside after the removal of an extractant in order to
represent the removal of that respective fraction.
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Determination of MeHg in Water
Methylmercury was determined following US EPA 1630.20

Briefly, samples were

distilled over a period of several hours under a gas flow rate of ~80 ml/min into 60 ml receiving
vials. Before analysis, 0.3 ml of an acetate buffer was added to the receiving vials before the
sample was diluted with reagent grade water to a volume >50ml. The distillates were then purged
under nitrogen (200 ml/min) so that the MeHg was adsorbed onto a Carbotrap® trap. To desorb
the MeHg from the Carbotrap, the trap was slowly heated in order release the Hg onto a GC
column. A Cold-Vapor Atomic Fluorescence Detector was used to detect different species of
Hg.20 A schematic of the instrument is shown in Figure 10. Select samples of water were sent to
Brooks Applied Labs.

Figure 10: Schematic for Tekran 2700 (GC-CV-AFS) (used with permission from Tekran
Inc.).
20

Determination of THg in Water
Samples analyzed for THg following US EPA Method 1631, Revision E.28 Briefly, a 100
ml aliquot sample was transferred to a 125ml fluropolymer bottle and oxidized with BrCl (0.5 ml
for clear water). The oxidized samples were then left to digest at room temperature for at least 12
hrs before adding 0.2-0.25ml NH2OH in order to reduce any Hg in solution to Hg0. The reduced
samples were purged under N2 (350 ± 50 ml/min) for 20 minutes onto a clean gold trap. Finally,
the Hg was desorbed from the gold trap and detected by Cold Vapor-Atomic Fluorescence
Spectrometry (CV-AFS) (Figure 11).28

21

Figure 11 : Schematic for Tekran 2600 (used with Permission from Tekran Inc)

22

RESULTS AND DISCUSSION

Hg in the Forest Compartments
To determine where Hg is stored within the forest ecosystem, Hg was determined from
major components of a loblolly pine (Pinus taeda) tree, including wood, bark, the cambium layer
(between bark and wood), and pine needles, as well as from soil, leaf litter, duff, and moss. Pine
needles had the highest concentration of Hg (12 ± 1 ppb), followed by the bark (10 ± 1 ppb),
cambium (5 ± 0.1 ppb), and wood (2 ± 0.3 ppb) (Fig. 12). This distribution makes sense as the
bark of the tree and the needles are exposed to the atmosphere and thus subject to atmospheric
deposition of Hg, whereas the cambium and the wood are shielded from atmospheric gas
exchange.

Wood samples taken from the heart of the tree showed a relatively small

concentration of Hg characteristic of uptake of Hg through the roots of the tree rather than
atmospheric deposition.
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14

12

THg (ppb) ± SE

10

8

12 ± 1

6
10 ± 1
4
5 ± 0.1

2

2 ± 0.3
0
Wood Core (n=4)

Cambium (n= 4)

Bark (n=5)

Needles (n=5)

Figure 12: Distribution of Hg in a Loblolly Pine Tree.

On the forest floor, duff had the highest Hg concentration (109 ± 24 ppb), followed by
leaf litter (77 ± 1 ppb), and moss (74 ± 12 ppb). The high concentrations in duff are likely due to
high levels of decaying organic matter present with high surface area. Moss and leaf litter had
similar Hg concentrations that were higher than the majority of the soil and sediment. This is
likely due to the way that leaf litter and moss are exposed to Hg through atmospheric deposition
with uptake into leaves through stomata that take part in gaseous exchange in and out of the leaf.
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Figure 13: Total Hg concentrations in forest floor compartments.

Mean-Hg Concentrations in Surface Soil from a Forest Transect
Mercury concentrations (± SE) in the soil were higher pre-harvest in November 2015
(50.0 ± 3.90 ng/g) compared to post-harvest January 2016 (35.8 ± 3.84 ng/g). This change in the
concentration was significant (p<0.05). The difference could be due to soil disturbance from
harvest activities as deeper soils containing lower concentrations of Hg are mixed with the
surface soil. Indeed, our depth profiles show high concentrations of Hg in surface soil (Fig. 15)
pre-harvest. The higher concentrations in surface soil can be attributed to higher levels of organic
matter such as recently fallen leaf litter and duff as shown in Figure 13. Once deposited, mercury
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binds to the soil (mainly its organic components) and becomes relatively immobile. However,
once that soil is disturbed Hg can be re-emitted through several different ways (e.g. an increase
in Hg mobilization due exposure to sunlight). THg in the first few centimeters of soil showed an
average decrease pre-harvest when compared to post harvest (Fig. 14).
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Figure 14: THg in Forest Soil Transect pre-harvest (November 2015) and post-harvest
(January 2016).
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Depth Analysis of Hg at different positions on a hill
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Figure 15: THg analysis of hilltop soil cores subsampled into different sections based on
depth pre- and post-harvest.

Analysis of the soil cores collected at the top of the hill pre-harvest showed that the
surface portion of the core (~3 cm) had the highest concentration (± 95% CI) at 62.9 ± 17.5 ppb
while the middle (~12 cm) and deep portions (~18 cm) of the core had average lower
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concentrations with 13.5 ± 1.5 ppb and 21.9 ± 0.2 ppb, respectively (Fig. 15). However in a soil
core collected post harvest, the THg in the surface portion had decreased (31.2 ± 2.46 ppb) while
the lower two portions showed an increase in THg. The middle portion of the core showed a
moderate increase (19.5 ± 3.98 ppb) while the deepest portion of the core showed a moderate
increase (34.9 ± 9.62 ppb). This shift in the distribution of Hg within the core points to a mixing
effect in the different layers of soil as a result of soil disruption.
Further down the hill, a pre-harvest core collected closer to the riparian buffer zone
showed a similar pattern where the surface portion of the core was higher in Hg than the lower
two portions (Fig. 16). In the surface portion of the core, THg (ppb ± 95% CI) measured 82 ± 14
while concentrations in the core’s lower portions were both under 40 ppb (32 ± 7.0 and 34 ± 7.1
respectively). In the post-harvest core a change was noticed in the distribution of Hg within the
core where deep portion of the core now had the highest Hg concentration (65 ± 9.6) and the
surface of the core had the smallest (28 ± 2.4). The middle portion showed little change with 35
± 4.0 ppb.
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Figure 16: Depth Analysis of THg in soil cores collected at bottom of hill.

Loss-on-Ignition (organic matter) in soil by depth
To look further into a possible mixing effect within the soil, LOI was determined as a
function of soil depth. In Figure 17, the pre-harvest core collected at the hilltop showed the
largest loss of mass (16 ± 4%) followed by the middle portion of the core (5 ± 2%) and the
deepest portion of the core had the smallest loss of mass (1.8 ± 0.94%). The post-harvest hilltop
core showed a significant decrease (p<0.05) in organic matter from 16% to 0.2%. The middle
portion decreased from 5 ± 2% to 1.5 ± 0.3%, and the deepest portion decreased from 1.8 ± 0.9%
to 1.7 ± 0.3 %.
29

20
18

Surface (~3cm)

16
Middle (~12cm)
LOI (% ±SE)

14
Deep (~18cm)

12
10
8

16

6
4
2

5
1.8

0.2

1.5

1.7

0
Pre-Harvest

Post-Harvest

Figure 17: Loss-on-Ignition Depth analysis of hilltop cores (± SE) shows a decrease in the
amount of organic matter found in the soil post-harvest.
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Figure 18: Depth analysis of soil cores taken near riparian buffer zone by LOI shows a
moderate change in the amount of organic mater present in the soil post-harvest.

Surface LOI (% ± SE) showed little change between pre-harvest (4.9 ± 1.8%) and postharvest (3.3 ± 1.8%) (Figure 18). The middle portion of the post-harvest core showed a slight
increase in organic matter (3.8 ± 0.6%) compared to pre-harvest (2.5 ± 0.9%). The biggest
change (albeit small) in organic matter content was observed in the deep portion of the postharvest core (1.4 ± 1.2%) compared to pre-harvest (5.1 ± 1.8%).
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Depth profiles of Hg in Sediment from Dorroh Lake and the Forest Stream
Two sediment cores were collected in May 2016, roughly 5 months after harvest.
Mercury concentrations in the sediment were generally similar between the stream and lake
(Table 4). Sediment Hg concentrations in the stream ranged from 15.7 to 24.1 ppb (mean 19.8 ±
1.2 ppb). Concenterations in the lake ranged from 19.1 to 25.0 ppb. There was a slight increase
in Hg concentrations with depth, leveling out at ~24 ppb. This concentration is similar to the
concentration found in the soil fines (mean 29 ppb), which are more susceptable to runoff. The
Dorroh Lake 2-4 cm interval had the highest Hg concentration and the highest organic matter
content.

Table 4: Concentrations of Mercury, Loss-on-Ignition (LOI) and carbon in sediment by
depth for from Dorroh Lake and an adjacent forest Stream

Depth (cm)
0-2
2-4

Dorroh Lake
THg (ppb)
LOI (%)
19.1 ± 2.3
3.0 ± 1.8
25.0 ± 0.1
7.9 ± 1.6

%C
0.3 ± 0.4
1.5 ± 0.5
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Depth (cm)
0-2
2-4
4-6
6-8
8-10
10-12
12-15

Stream
THg (ppb)
15.7
16.6
17.6
24.1
20.1
20.4
24.1

LOI (%)
4.1
2.0
3.2
3.9
2.8
2.3
3.2

%C
0.5
0.1
0.3
0.5
0.2
0.1
0.3

Sediment collected from the streambed (Figure 19) pre-harvest averaged THg (± 95%
CI) of 22 ± 2 ppb and an average LOI (± 95% CI) of 4 ± 1%. A significant decrease in THg
(p<0.05) was seen post-harvest (17 ± 2 ppb) but little change in the LOI was noticed in the
sediment (3 ± 2%).
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Figure 19: Sediment samples from the stream showed a significant decrease in THg (±
95% CI) post-harvest (p<0.05) but little change in the organic matter content.
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Pre- and Post-Harvest changes in THg and MeHg in stream and lake water
As a result of harvest, MeHg in the lake increased (0.17 ng/L) but this change was only
temporary (Fig. 20) as MeHg in May 2016 (0.04) was comparable to concentrations immediately
pre-harvest (0.04). In the stream, MeHg in the stream slightly decreased (0.5 ng/L to 0.4 ng/L)
after harvest. A further decrease in Stream MeHg was seen in May 2016. This change in MeHg
concentrations was more likely a result of seasonal factors as rising temperatures in the spring
contributed to the rate at which MeHg breaks down in the waters surface.
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Figure 20: MeHg in Water from Dorroh Lake and Stream.

THg in the lake (Figure 21) temporarily increased after harvest (5.0 ng/L from 0.82 ng/L)
while THg in the stream decreased (4.7 ng/L from 1.3 ng/L). In May 2016, THg in the stream
(2.3 ng/L) was higher than THg in the lake (0.6 ng/L), showing a pattern similar to pre-harvest.
While it is possible that the changes seen in THg in January are a result of harvest, it is also
likely that a storm event resulted in a flushing of Hg bound particulate from the stream into the
lake.
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Figure 21: THg in water from Dorroh Lake and Stream.
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Figure 22: Porportion of MeHg as THg in Dorroh Lake and Stream.

Prior to harvest, MeHg accounted for 10% of the THg in the lake while in the stream,
MeHg only accounted for 5% THg (Fig. 22). A sharp increase in MeHg (30.9 %THg) is seen in
the stream after harvest but this change is only temporary (5.0 %THg in May 2016), likely due to
an initial influx of MeHg into the stream from MeHg already present in the surface soil. As
weather conditions were comparable between the start and harvest, the increase in stream MeHg
as %THg seen in January 2016 is likely a result of the harvest up the hill than seasonal factors. In
the lake, slight changes were seen in MeHg as %THg.
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Monitoring changes in Water Quality
Tables 5 and 6 show water quality measurements collected using a YSI water quality
probe from the stream and the main body of Dorroh Lake respectively. The most notable changes
in post-harvest water quality was a decrease in the dissolved oxygen content (DO), OxidationReduction Potential (ORP), and Total Dissolved Solids (Fig. 23). Dissolved oxygen is an
important factor in the degree to which aquatic life is present in the local environment. At the
water’s surface, DO mobilization is controlled by temperature and has both seasonal and daily
cycles. While stagnant pools of water such as our stream typically contain lower amounts of DO,
an average decrease was seen in the pond and lake post harvest. Pre-harvest, average DO content
(mg/L ± SE) in the stream was 7.1 ± 3.0 mg/L where the average post-harvest concentration was
1.5 ± 0.88 mg/L. Water quality measurements in the main body of the lake showed similar
change in average DO (mg/L ± SE) pre and post- harvest (6.4 ± 3.8, 0.37 ± 0.10, respectively).
One explanation for this decrease could be due to an increased amount of organic material
present in the water leading to an increase in the consumption of oxygen by bacteria depleting
the amount of free oxygen in the water.
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Table 5: Stream Water Quality Data during the Study Period

5/17/2015

5.9 ± 1.0

Conductivity
(μΩ/cm)
70 ± 2

-75 ± 1

52 ± 1

18.1

5.7

11/11/2015

2.6 ± 0.46

75 ± 19

-200 ± 11

64 ± 19

16 ± 0.47

6.4 ± 0.02

11/20/2015

12.6 ± 2.0

57.6 ± 0.14

-125.0

48.10

13 ± 0.3

6.0 ± 0.04

1/17/2016

3.2 ± 1.5

43.3 ± 0.21

-115 ± 1

39 ± 0.45

9.7

5.8 ± 0.02

5/21/2016

0.8 ± 0.3

32.4 ± 0.21

-106 ± 0.3

24.70

16.9 ± 0.14

5.8 ± 0.13

7/27/2016

0.35 ± 0.07

84.3 ± 0.07

-237 ± 17

56 ± 2

25.2

6.1 ± 0.21

Date

DO (mg/L)

ORP (mv)

TDS (mg/L)

Temp. (oC)

pH

Table 6: Dorroh Lake Water Quality Data during the Study Period
Date

DO (mg/L)

Conductivity (μΩ/cm)

ORP (mv)

TDS (mg/L)

Temp. (oC)

pH

5/17/2015

-

-

-

-

-

-

11/11/2015

2.6 ± 0.1

47 ± 7

-196 ± 3

40 ± 5

12 ± 0.5

6.5 ± 0.02

11/20/2015

10 ± 1.8

46 ± 6

-118.8

48

15 ± 0.1

6 ± 0.03

1/17/2016

0.35 ± 0.07

34 ± 0.92

-111 ± 4

32

9.7

8±2

5/21/2016

0.2

22 ± 5.6

-164 ± 7

18 ± 0.1

22 ± 0.3

6 ± 0.02

7/27/2016

0.55 ± 0.21

71.6

-292 ± 12

41 ± 0.5

32 ± 0.1

5±2
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Another notable change in water quality is in the stream’s and pond’s oxidationreduction potential or ORP. Oxidation-Reduction Potential is a measure of how well a substance
can oxidize or reduce another substances. In water quality, the more positive the ORP the better
water is at destroying foreign contaminants such as microbes or other carbon-based contaminants
while the more negative the value the better water is capable of acting as a reducing agent. Prior
to harvest, the ORP (± 95% CI) in the stream and lake was measured to be -133.44 ± 63.16 mv
and -157.65 ± 54.90 mv respectively. After harvest the stream’s ORP was -152.83± 73.15 mv
and -188.95 ± 92.92 mv respectively. As ORP in both waters are more negative after harvest
they have become better reducing agents and less capable of oxidizing any foreign contaminants.
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Figure 23: Pre-and Post Harvest Water Quality Measurements for Stream (Top) and
Dorroh Lake (Bottom)
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Effect of soil and sediment particle size distribution on Hg and organic matter content
To assess the distribution of Hg and organic matter in the soil as a function of particle
size samples were sieved and the various fractions analyzed (see methods). Loss-on-ignition
estimates the organic matter by measuring the mass of sample lost during combustion in the
DMA. The LOI was then converted to % carbon as described in the methods section.

Particle Size Distribution of Soil
Figure 24 below represents the particle size distribution of soil composites made from
samples collected along a transect based on weight percent. The largest fraction in the May 2015
composite is made of fine particulate smaller than 125 μm (46%) followed by the next largest
fraction that has particulate between 125 and 250 μm (31%). The 250-500 μm, 500-1000 μm,
and larger than 1000 μm make up the rest of the composite with 13%, 4%, and 6% respectively.
Before December’s harvest the November 2015 composite showed a change in pattern where the
<125 μm was still the largest fraction (37%) but the second largest fraction was now 500-1000
μm, making up 21% of the composite. The second and third finest fractions (125-250 μm and
250-500 μm) are the next smallest with 18% and 16% with the rest of the composite being made
up of particles larger than 1000 μm (8%). The first composite made with soil collected postharvest (January 2016) the largest particulate fraction accounted for the 24% of the mass, the
next size of particulates (500-1000 μm) made 12%, the 250-500 μm 9%, 125-250 μm 12%, and
the fine particulate fraction (<125 μm) made up all most half of the composite with 42%. In the
May 2016 composite, the largest (>1000 μm) and finest (<125) μm particulates accounts for
slightly over 50% of the total mass of the composite (23% and 30% respectively). The three
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middle sized particulate fractions made up the rest of the composite with 125-250 μm accounting
for 19%, the 250-500 μm 12%, and the particulate sized 500-1000 μm (16%).

>1000 μm

500-1000 μm

250-500 μm

125-250 μm

Post-Harvest

Pre-Harvest

100%

<125 μm

90%

Weight Percent (%)

80%

30

37

43

46

70%

19

60%
18
50%

12

40%

9

12

31

16

30%
20%
10%
0%

13

12

16

24

23

Jan-16

May-16

21

4
6

8

May-15

Nov-15

Figure 24: Distribution of Particle Size in Forest Soil Composite
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Estimating carbon composition of soil
Although the finer fractions have greater overall surface area (see Figure 24), the organic
content is lower compared to larger fractions except for the finest fraction (<125 μm) in
November, 2015. After harvest, there is then a significant decrease in %C overall (p<0.05)
despite there being no significant shift in the particle size distribution. The decrease in organic
content makes sense as without the forest canopy, surface soils are more prone to runoff by
erosion.
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Figure 25: Percent carbon in composites of forest soil
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May-16

Figure 25 depicts the amount of organic carbon found in a specific size fraction of a soil
composite in an effort to determine where the largest concentrations of organic matter could be
found in the soil. In the May 2015 soil composite, the fraction that contained that largest amount
of organic material was in the 500-1000 μm fraction (9.8 ± 1.0%) but in the November
composite, the particulate fraction with the highest amount of carbon was the finest fraction,
<125 μm (7.5%). In the January 2016 composite, no one fraction shows a particular abundance
of organic material; in fact this composite had the lowest amount of carbon overall (7.8%) as in
the figure below. Finally in May 2016, the fraction that has the largest amount of organic
material present is the 250-500 μm fraction (5.7%).
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Figure 26: Organic matter (%C) in composites of forest soil.

Prior to harvest the total amount of organic matter in the soil accounted for ~35% of the
total mass of samples. The total amount of carbon present in soil (Fig. 26) along the transect
sharply decreased after the harvest was completed (~20%). In January 2016, the collected soil
showed the smallest amount of organic matter (8%) over the year long study period. Soil
collected 5 months later showed a small increase in the amount of organic matter (13%) likely
due to logging residues starting to decay.
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Particle Size Distribution of Sediment
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Figure 27: THg of separated size fraction of sediment cores (0-2cm) from Dorroh
Lake and stream in May 2016

In Figure 27, the separated size fractions of the first two centimeters of sediment core
taken from Dorroh land and the stream show a small difference in THg in the fine fraction
(<125μm). The next size fraction (250-125 μm) showed a slightly lower THg in the stream (12.8
± 0.2 ppb) and slightly higher THg (24.6 ± 2.2 ppb) in the lake sediment. However in the
remaining size fractions (500-250 μm and 1000-500 μm) the streambed sediment shows a
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significant increase in THg (52.6±13.2 and 49.5±18.6 ppb) while there is a slight decrease seen
in the lake (14.9±3.2 and 16.5±1.8 ppb) .
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Figure 28: Distribution of Particle Size in Lake and Stream Sediment Cores (0-2cm)
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To determine if there was a difference in what size particles accumulated in the lake or
stream, particle size distribution in the surface of sediment cores was compared (Fig. 28). In the
lake sediment, the largest size fraction was the finest fraction (<125 μm) (43%), followed by the
2nd smallest size fraction (30%) and the large particle fractions (15%). The three largest fractions
in the stream sediment were the 125-250 μm fraction (37%), the fine sediment (25%), and the
middle size fraction, 250-500 μm (24%). In the lake sediment the fraction that makes up half of
the sample is the finest fraction that is easiest to move and thus more susceptible to runoff.
Sequential Extraction
A sequential extraction was performed on soil and sediment in order to determine the
availability of Hg (Fig. 29). In May 2015, Hg bound to the oxidizable phase accounts for 58% of
the Hg in the forest soil followed by the reducible phase (18%), residual (13%), and
exchangeable (11%) phases. Roughly a month before harvest in November 2016, the majority of
the Hg in the forest soil was in the oxidizable phase (83%), followed by Hg in the exchangeable
(5%), reducible (9%) and residual (4%). The oxidizable fraction where most of the Hg is bound
contains humic acid and other organic matter. In January 2016, the oxidizable phase no longer
dominated in the binding of Hg (7%), but instead the reducible phase had the highest amount of
Hg (78%) followed by exchangeable (10%) and residual (5%). Soil collected in May 2016
showed the same trend with the reducible phase accounting for 80% Hg followed by the
oxidizable phase (12%), residual (7%), and exchangeable (1%). After harvest, the distribution of
Hg in the soil changes where more Hg is bound to easily reducible components such as iron and
manganese oxides than prior to harvest where ~70% Hg was bound to the more oxidizable phase
that contains mostly organic matter and various sulfides.
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Figure 29: Sequential Extraction of Hg from Composite of Soil from Transect
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Figure 30: Sequential extraction of Hg from sediment collected from stream near transect

In sediment collected from the stream pre-harvest (Fig. 30), the largest percentage of Hg
was found in the oxidizable phase (76%) (Fig. 30). Before harvest, 2.0% of the Hg in the stream
sediment was found in the exchangeable phase while 10% was found in reducible phase, 12% Hg
was found in the residual phase. In sediment collected post harvest, the distribution of Hg
between the oxidizable and reducible fractions sees a significant change with 85% Hg bound to
the oxidizable fraction and only 3% bound to the reducible. The residual and exchangle showed
only small changes in the amount of Hg bound to the respective fractions (10% Hg and 2 %Hg)
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Figure 31: Total amount of mass lost from pre and post harvest soil sequential
extraction

Post-harvest there was a substantial decrease in the amount of mass lost as result of
combustion during analysis (Fig. 31). The total amount of mass lost pre-harvest was 67 ± 11%
while post-harvest only 24 ± 5% was lost during analysis. This decrease in loss of mass seems in
line with the idea that after harvest there was less organic matter present in the soil due to
erosion.
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CONCLUSIONS

Deforestation resulted in decreased Hg concentrations in the surface soil. The lower Hg
conentrations are likely attributed to a combination of factors including mixing of deeper soils
containing lower Hg concentrations, increased forest runoff, and increased Hg volatilization due
to higher soil temperatures and direct sunlight (without the forest canopy). Organic matter
content also decreased in the surface soils after harvest. Mercury was mobilized from soil to
stream as a consequence of clear cutting. Most of the Hg was bound to the oxidizable fraction
which included humic acids and organic matter containing sulfur and other functional groups
which are known to complex Hg. Timber harvest also seemed to decrease oxygen levels in the
stream and lake, at least temporarily. In any case, the unharvested stream riparian zone served as
a buffer retaining organic matter and minimizing transfer of Hg into the stream and lake. A long
term study of a lake (with pre-harvest fish-Hg data) may be needed to better understand the
impact of forest harvest on mobilization in the system and its potential effect on fish. To better
understand how lack of tree cover can affect Hg volatilization from soil and water, flux
measurements should be measured in the field before and after harvest.
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